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A STUDY OF ASYMMETRICAL GROWTH FROM 
STUMP SECTIONS OF QUERCUS VELUTTNA 
By R\y C. FRIESNER 
While securing the material for a study of the relation of rain­
fall to growth in several species of Quercus (5) it was noted that 
many stump sections showed a decided asymmetrical growth with 
the organic center of the section far removed from rhe geometric 
center. This led to an inquiry into the factors involved in producing 
asymmetrical growth in these trees. A perusal of the literature on 
the subject gave no satisfactory explanations. As a matter of fact 
no published research has so far been found which throws more 
than an indirect light upon the subject. Hartmann (4) makes a 
general statement that eccentric growth in trees is dt1e to no known 
external cause. He says that it is independent of geotropism, com­
pression or tension. Glock (3) states that fluctuation in width of 
individual rings on the di f ferent radii of same ring ;s probably in­
fluenced by root activity. Areas of wide growth have a greater 
tendency to cluster about certain radii nearer tbe base of the stem 
than they do farther up the trunk of the tree. Auchter (I) has 
shown that mineral salts absorbE:d by roots on one vertical zone of a 
tree are primarily used in that same vertical zone and not laterally 
distributed to any great extent. To what extent tbis vertical zonation 
may be true of elaborated food moving downward from the leaves 
is llnknown though Lodewick (6) has shown that in the case of 
longleaf pine in Florida there is little relation between unequal 
crowns and amount of growth in radial direction in vertical zones 
beneath the crown variations. 
MATERIALS AND METHODS 
Sections were sawed from the tops of stumps of Quercus velutina 
left from lumbering operations. Both the original trees and the sec­
tions were cut in late autumn, 1938. Sections were cut 12-18 inches 
from the soil and were taken to the laboratory for measurements. 
At the time when sections were cut, all trees witbin a radius of 35 
feet from the center of the stump were measured and carefully 
located by means of tape and compass on polar grapb paper. The 
sections were oriented at the time of cutting by driving a large tack 
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into the exact north point as located by a compass placed at the 
center of the section. The earth was dug away from each stump suf­
ficently to expose the main spreading roots and their location was 
also noted on the graph for each section. 
In preparation for the measurements, radii were located on the 
graphs without reference to the sections themselves. The radii 
were so placed as to give measurements of growth [rom a numher 
of standpoints, e. g. (1) along radii which were vertically above the 
main spreading roots and along other radii which were between these 
roots; (2) along radii which if extended would intercept competing 
trees 7 inches or over in diameter and within a radius of 35 feet 
from the center of the stump and along other radii dividing the dis­
tance between such competing trees; (3) along radii which divided 
the up-hill and down-h iII sides of the stump; (4) along radii on or 
near each of the cardinal points of the compass. 
Measurements along each a f these radii were made by use of 
a 7x magnifier and a ruler divided into half-millimeters. Measure­
ments could be made accurately to the nearest qllarter-millimeter. 
OBSERVATIONS AND RESULTS 
While the four sections selected for analysis varied considerably 
in diameter the count of their' year-ring's in the laboratory showed all 
of them to be exactly the same age, viz. 120 years. The primary 
object in this study was a search for data having a bearing on the 
problem of unsymmetrical or eccentric growth. Hence, while the 
observations are of interest in other ways, only those data having a 
bearing on the primary purpose of the study will he given considera­
tion in the present paper. 
RELATION OF {)NSYMMETRIC\L GROv\'TH TO POSITION OF ROOTS 
Auchter (1) has shov..-n that there is little lateral movement of 
salts in trees and Glock (3) has suggested that eccentric growth is 
influenced by root activity. Accordingly, growth was measured in 
each section along radii which centered vertically upon main spread­
ing roots and along radii which came between these roots. The data 
are summarized in Table I where it will be seen that the average 
growth along raclii vertically above the roots was in every case 
greater than that along radii vertically above the spaces between 
roots. The percentage oi difference ranges from 5.5 to 15.0. Not 
all radii vertically above roots were greater in growth than all radii 
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growth than all radii 
vertically between roots but the greatest single radius in each section 
was above roots and the shortest single radius in each section was 
between ruots. It is also true thal all radii above roots are longer 
than the nearest radii to them which are between roots. The longest 
radii, i. e. those above roots, do not have every year's growth in­
crement greater than the growth of the shortest radii (those between 
roots). For example, growth along the longest radius in section 38-2 
was greater than that along the shortest radius in 88.3 % of the years 
but was less than that along the shortest radius in 6.6670 of the years. 
Data for other sections are given in table II. These data would 
seem to indicale either that other factors besides root-location are 
concerned or that root-location as a factor in determining unsym­
metrical growth varies during the Ii fe span of the tree. 
The percentage of years in which growth along radii vertically 
above roots is greater than that above the space between roots in­
creases with th(" age of the tree for the majority of the radii in all 
of the sections studied. These data are sl\Tlllnarized in table III. 
Analysis 0 f the data for section 38-2 will serve to illustrate the 
point. Radius 6 which was vertically above a root exceeded radius 
4 (which was vertically above the space between two roo(s) in 
growth in only 12.5 % of the first 40 years of its life, in only 32.5% 
during the middle 40 years. but in 82.5%of the years during the last 
third of its Ii fe. This would appear to indicate that the particular 
root concerned in this case developed in the later life of the tree, or 
at least, that its ef fectiveness in unsymmetrical growth was not ap­
pare'llt until later in life. Radius 3 was at no time very different 
from radius 2 though the total leng,th of the former was approxi­
mately 7% gTeater than the latter. Radii 11 and 1 were similar in 
general behavior with the immediately preceecling two radii. Radii 
5 and 9 show the striking effect of root position during the first 
40 years of the life of the tree. All other sections showed a more 
uni form effect of the root position and one in which its ef fcctiveness 
increased with the age of the tree. 
This would seem to indicate that root-activity as a factor in un­
symmetrical growth may begin in the early life of the tree and con­
tinuously increase in effectiveness throughout life (radius 9 vs. radius 
10 in section 38-3, radius 4 vs. radius 5 in section 38-4; table III) ; 
it may begin in early life along other radii and decrease in effective­
ness with increased age (radius 5 vs. radius 9 in section 38-2); it 
may begin in middle life and increase with added agc (radius 8 vs. 
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radius 9 in section 38-5) ; it may not begin until late in the life of the 
tree (radius 12 vs. 13 in section 38-4 and radius 5 vs. radius 10 in 
section 38-5) ; or it Inay begin in middle life and decrease in hter 
life (radius t vs. radius 3 in section 38-5). All of this becomes 
intelligible if we assume that the various main spreading roots de­
velop at different ages in the life of the tree, or at least, become 
effecti\·e as factors in growth at different periods in the life of the 
tree. 
COMPETITION AS .\ FACTOR IN UNSYMMETRTC,\L GROWTH 
1£ root-position has allY relation to unsymmetrical growth in the 
trunk of trees it might be assumed that competition with other trees 
would thereby register at least a part of whatever ef fect it might 
have. In order to determine whether competition has any dem­
onstrable effect in the trees under study, radii were laid out on the 
sections in positions which were such that, if the radii were ex­
tended they would intercept competing trees. Diameters of COlll­
peting trees varied from 7 to 27 inches and distances f rom stumps 
under study varied from 7 to 31 feet. Data are given in table IV. 
Measurements of growth along these contrasted radii seem to indi­
cate that competition has nothing di rectly discernible to do with 
the asymmetrical growth exhibited by the trees under study. In table 
tV it will be observed that the average length of radii which would 
intercept competing trees (marked "Competition" in the table) is 
greater than the average length of radii which would not intercept 
competing trees in sections 38-4 and 38-5 but less in sections 38-2 
and 38-3. These results do not necessarily indicate that competition 
is without effect. They do indicate that competition exerts no dem­
onstrable independent effect when occuring in a complex or other 
variable factors. 
RELATIO:-f CF SLOPE TO U",SYMMETRICt\L GROWTH 
Douglass (2) found that in western yellow pine slope was an 
important factor in uusymmetrical growth when it was such that it 
made water available earlier on one side of the tree than the other. 
Data bearing on the relation of slope to growth are summarized in 
table V where it will be noted that average growth is greatest on 
the "up-hill" side of the tree in three out of the four cases. The 
number of spreading roots occurring on each of the two sides is of 
importance in this connection and it is not possible to study one of 
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these factors to the entire exclusion of the other. It will be noted, 
however, that in two of the sections the number of such roots is the 
same on each side. In the other two cases the greatest growth is 
on the side of the tree with the larger number of roots. The con­
clusion to be reached in regard to slope is that variations in slope 
in this study give no dependable relation to unsymmetrical gTowth 
though there is some evidence that the up-hill side of the tree may be 
favored. 
RELATION OF CARDINAL POINTS OF THE COMPASS TO
 
UNSYMMETRICAL GROWTH
 
According to Lodewick (6) it is sometimes maintained that trees 
growing on a level site will show an eccentricity in diameter and that 
the south and west sides will have greater' growth, though he did not 
find this to be true in his own study. The present study does not 
give a fair approach to this question because all of the trees under 
consideration were on slopes. The data in this connection are sum­
marized in table VI where it will be seen that no consistent relation 
is apparent between the cardinal directions of the campass and 
amount of growth. Whatever the effect of direction may be, it is 
overshadowed by other factors in this study. 
DISCUSSION 
While the location of main spreading roots is the only factor 
showing any plainly demonstrable relation to unsymmetrical growth 
in this study it must not be assumed either that they are the only 
important factor or that all of the apparent relation is really due to 
root position alone. It is obvious that we are dealing with a number 
of factors, some known and others unknown, no one of which has 
been isolated. Our results are due, therefore, to a combination of 
factors, root-position being most readily measurable and of such 
magnitude in its ef feet as to overshadow and obscure the others. 
In the very nature of the case, no account was possible to he 
taken of the relation between the pusition of long and short radii 0 f 
growth and the location of branches and general crown coverage. 
Even in those studies which are carried on in such a manner as to be 
able to determine zonal tli fferentiation in crown coverage it is not 
possible to clemonstrate definite relationship with unsymmetrical 
growth because it is not possible to detect curved or twisted conduct­
ing units nor is OUI" knowledge of zonal conduction of food suffici­
ently adequate to permit a basis for calculation of relationships. 
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The best we are able to do at present is to say that unsymmetri­
cal growth is due to a combination of factors, some internal and some 
external of which location of roots, itself determined partly by inter­
nal and partly by external factors; variations in slope or other soil 
relations; and competition with other trees are the most likely. 
CONCLUSIONS 
1. Measurements of wood growth were made along a number of 
radii on each of four sections cut from the tops of stumps 0 f Qu.ercu.s 
velu.t'il'lGI each 120 years old and each showing marked unsymmetrical 
growth. 
2. Average growth along radii vertically above main spreading 
roots is in every case greater' than that along radii vertically above 
the spaces between such roots. 
3. The percentage of years in which the radii above roots have 
growth for individual years greater than the growth along radii ver­
tically between roots increases with age of the tree. 
4. Competition exerts no demonstrable independent ef fect upon 
unsymmetrical growth when it occurs as a part of a complex of 
other variable factors. 
5. Variations in slope gave no dependable relation to unsym­
metrical growth though there is some evidence, in the case of two 
sections where the other major factor was equivalent, that the up-hill 
side of the tree is favored at the expense of the clown-hill side. 
6. The cardinal points of the compass yielded no dernonstrable 
independent ef fect upon unsymmetrical growth when occurring as 
a part of a complex of other variable factors. 
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TABLE I 
Relation between growth along radii which center on main spreading roots 
and those which come between stich roots. Figures are averages of all radii of 
each tYI;e for each section. 
Radii on Roots Radii hetweefl Root.s 
Section Number of radii Growth N umber or Tadii Gro..... lh 
38-2 4 301.81 mm. 3 286.15 mm. 
38-3 4 386.50 5 352.4lJ 
38-4 10 291.25 3 254.25 
38-5 3 378.83 5 327.60 
TABLE II 
Showing relation of growth along longest and shortest radii of each 
section throughout the 120 year period. 
Percentage of years in which 
Growth along longest G['owlh along longest Growth along lougest 
radius is greater than radius is the same as radius: is Jess than 
Section along shortest radius along shortest radjus along shortest radius 
38-2 88.30% 4.998% 6.664% 
38-3 66.64 17.493 J6.66 
38-4 79.968 14.994 4.998 
38-5 51.646 18.32 29.988 
TABLE III 
Showing relation of effectiveness of root-position in unsymmetrical growth 
to life-period of the tree. 
Radii on vs. Percentage of years jll which growth ou radii vertically above 
radii bet ween roots is greater than adjoining radii bet.ween rooLs 
spreading First. 40 years Second 40 years Third 40 years 
Seclton roots of life oi Iree of life of lree of Me of tree 
38-2 6 vs. 4 12.5% 32.5% 82.5% 
3 vs. 2 40.0 535 50.2 
11 vs. 1 32.5 40.0 55.5 
5 vs. 9 67.5 57.5 27.5 
38-3 9 vs. 10 62.5 85.0 65.0 
8 vs. 2 27.5 60.0 65.0 
4 vs. 1 42.5 67.5 75.0 
38-4 8 vs. 5 7.5 55.0 77.5 
4 vs. 5 62.5 100.0 90.0 
]2 vs. ]3 46.5 45.0 87.5 
]0 vs. 11 22.0 20.0 70.0 
38-5 5 vs. 10 37.5 17.5 60.0 
1 vs. 3 35.0 82.5 50.0 
8 vs. 9 10.0 625 85.0 
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TABLE IV 
Relation between growth along radii with and those without competition with other trees. 
Competition No Compelition 
Sc:ction Radii Description Gro..... lh Radii Descript;on Growth 
38-2 I 18" Quercus velutina 6 equidistant between 
27' away 281.2$ mm. radii 3 and 4 3355 mm. 
2 6" Carya glabra equidistant between 
18' away 246.75 mm. 7 radii 4 and 5 329.50 mOl. 
3 16" Nyssa sylvatica 8 equally divide the 285.00 mm. 
16' away 265.50 mm. 9 distance between 277.50 mm. 
JO radii 5 and 1 262.00 mm. 
11 286.00 mm. 
4 23" Q. \'elutina 
22' away 330.50 mm. 
tv 
0 
..... 
5 26" Q. velutina 
9' away 320.25 mm. 
Averag'e 284.85 mm. Average 295.75 mm. 
38·3 1 24" Q. velutina 5 equidistant between 357.00 mm. 
16' away 355.00 mm. (j 1 and 3 303.00 mm. 
2 10" Q. montana 9 equidistant between 400.00 mm. 
24' away 333.00 mm. 10 2 and 3 360.0'1 mm. 
3 27" Q. velutina 4 equidistant between 425.00 mm. 
9' away 389.00 mm. 8 I and 2 366.00 mm. 
Average 359.00 01111. Average 368.83 mm. 
38·4 1 26" Q. velutina 13 30 degrees from 1 292.75 Olm. 
4' away 280.00 mm. 
2 16" Q. velutina 4 15 degrees from 3 324.25 mm. 
23' away 286.75 mOl. 
3 16" Q. velutina equidistant between 
31' away 322.25 mm. 6 4 and 13 260.25 mm. 
-'-'-- ---------.--~ _.---­
TABLE IV-(Continl1ed) 
Competition No CompeLition 
Section Radii Desc.ription Growth Radii Descriplion Growth 
:\ve;;r!i)!l:- 2%.33 mm. .I\vcrrure 292.42 mm. 
2 
y 
IO" Q. montana 9 equidistant between 400.00 mm. 
3 
24' away 
27" Q. velutina 
333.00 mm. 10 
4 
2 and 3 
equidistant between 
360.0r, mm. 
425.00 mm. 
38-4 
Average 
1 
9' away 
26" Q. velutina 
389.00 
359.00 
mm. 
mm. 
S 
Average 
13 
1 and 2 
30 degrees from 1 
366.00 
368.83 
292.75 
mm. 
mm. 
mm. 
2 
4' away 
16" Q. velutina 
280.00 mm. 
4 15 degrees [rom 3 324.25 mm. 
23' away 286.75 mm. 
3 16" Q. vell1tina equidistant between 
31' away 322.25 mm. 6 4 and 13 260.25 mm. 
TABLE IV-(Continued) 
Competition No Competition 
Section Radii Description Growth Radii DescripLion Growth 
Average 29633 mm. Average 292.42 nUl). 
38-5 1 11" Q. montana 30 degrees irom 1 ; 
30 ' away 466.50 mm. 11 between 1 and 6 467.75 mm. 
2 9" Q. ll10ntana 10 38 degrees from 6; 
7' away 447.00 mm. between 1 and 6 397.75 mm. 
3 7" Q. montana 7 35 degrees from 3 ; 
I"'::> away 401.75 mm. between 3 and 4 329.75 mm. 
4 12" Q. montana 8 35 degrees from 4; 
18 ' away 336.50 mm. between 3 and 4 309.50 mm. 
6 16" Q. velutina 5 37 degrees from 6; 
25 ' away 255.00 mm. between 4 and 6 360.50 mm. 
N 9 40 degrees from 4; 
<.n between 4 and 6 291.75 mm. 
Average 361.35 mm. Average 359.41 mm. 
'" 
TABLE VI 
Comparing growth along radii in each cardinal direction of the compass. Radii varied up to 20 degrees either way from any 
vartieular cardinal direction. 
North East South West 
NlHl1b~r Average Number Average Number Average Numbcr Average 
Sec lion of Radii Growth of Radii Growth of Radii Growth of Radii Growth 
38-2 2 300.50 mm. 3 311.58 mm. 1 262.00 mm. 1 281.25 nun. 
38-3 2 33000 mm. 3 351.33 mill. 2 381.00 mm. 2 391.00 mm. 
38-4 3 286.50 mm. ] 221.00 mm. 1 260.25 mm. 2 313.12 mm. 
38-5 2 467.12 mm. 1 255.00 mm. 2 309.41 mm. 1 329.75 mm. 
TABLE V 
Showing relation of slope to unsymmetrical growth 
Up-bill side Down-hill side 
Number Number Number Number 
Spreading Radii Average Spreading Radii Average 
Section Roots Counted Growth Roots Counted Growth 
38-2 1 5 278.35 min. 2 5 365.60 mm. 
38-3 2 5 379.80 mill. 2 6 356.50 1TIll1. 
38-4 2 7 288.96 mm. 2 7 277.93 Clnn. 
38-5 2 6 381.83 ll1ll1. I 5 346.55 mm. 
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